As expected, due to replacement of N3 in dT by C3 in dF ( Figure  1 ), d 2 is increased in the F:A relative to the T:A pair (by ∼0.5 to 0.6 Å). However, at 3.34 Å as seen in the F:A pair of duplex 2, the separation of C3(F) and N1(A) is still below the sum of the van der Waals (vdW) radii (ca. 3.7 Å). Surprisingly, d 1 is not significantly longer in F:A than in T:A (Figure 2A , B, Table 1 ) and well below the distance consistent with a vdW contact of ∼3.55 Å (assuming a radius of 1.35 Å for F). Even if we consider a vdW radius of F that equals that of H (1.2 Å), 13 the observed separations between F4 and NH 2 are still suggestive of an attractive interaction. At the other edge of the base pair, in the minor groove, d 3 is increased by ∼1 Å in F:A relative to T:A due to opening (Table  1) .
Comparison between the conformations of the native and dFmodified duplexes in the structures of the complexes reveals only deviations near the sites of modifications ( Figure 2CD ). As a result of the longer d 2 distance in F:A relative to T:A, the former base 2 (nucleotides in one strand are numbered 1-12 and 13-24 in the other) lies in a general position, and the A5:T20 and T8:A17 base pairs (bold font) exhibit different geometries.
b The first base pair is from duplex 1 and the second from duplex 2. Both duplexes sit on a dyad, and F8:A17 and A5:F20 are symmetry equivalent. pair is stretched. This pushes the backbones outward and goes along with changes in the 10°to 20°range in backbone torsion angles and R of dF and the preceding dT. In addition to stretching, F:A pairs exhibit increased stagger (a shift of dF and dA relative to one other along the helical axis) and the aforementioned opening. However, propeller twisting that is quite pronounced in T:A pairs does not appear to be increased in F:A. Similarly, local helical twist and rise are virtually unaffected by the replacement of dT with dF ( Figure 2) .
In crystal structures of B-form DNA, the H-bond distance between O4 of thymine and N6 of adenine (d 1 ) is typically longer than that between the N3(T) and N1(A) atoms 12 14 This means that the loss of the (T)N3-H · · · N1(A) H-bond in the F:A pair results in a considerable loss of stability relative to T:A, even if we attribute a minor stabilizing effect to the C3-H · · · N1 contact in F:A. On the other hand, there is a surprisingly small difference between the lengths of d 1 in the T:A and F:A pairs, and it is reasonable to postulate formation of a H-bond between F4 and N6 based on our structural data. Although we do not observe the positions of hydrogen atoms at 1.6 Å resolution, the distance between the calculated position of the N6(A) hydrogen atom and F4 amounts to ca. 2.1 Å and is thus comparable to the shortest distances found between fluorine and N-H donors in the crystal structures of small molecules. 15 The pairing mode seen here between dF and dA in B-DNA is much tighter than that between rF and rA previously analyzed in the crystal structure of an RNA duplex 16 but comparable to the pairing of rF and rG that was consistent with H-bond formation between F2(rF) and N1(rG) (min dist. ) 3.03 Å). 17 Our structural data at high resolution contradict the earlier assumption that the pairing of dF and dA does not involve H-bonding (i.e., refs 1, 10). But the structural data accumulated to date also indicate a considerable plasticity of the F:A pair, with different geometries observed in DNA here, RNA, 16, 17 and at the postreplicative site of a Y-class DNA pol. 9 As far as the steric hypothesis and the reliance on shape rather than H-bonding by certain DNA pols for accurate replication are concerned, a more complicated picture is emerging. Shape and H-bonding cannot be separated readily, and steric constraints such as backbone geometry, stacking, or enzyme active sites should be considered enablers of H-bonding, in line with earlier theoretical work by Guerra and Bickelhaupt. 18 The finding here that dF engages in a H-bond to dA also raises the possibility that some DNA pols may still probe the minor groove of dF:dATP or dA:dFTP pairs at the active site with H-bonds. Data deposition: Final coordinates and structure factors have been deposited in the Protein Data Bank (http:// www.rcsb.org): PDB ID code 3ID8.
